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Abstract
In this contribution, we investigate the entanglement behavior of a composite sys-
tem consists of two different dimensional subsystems in non-inertial frames. In partic-
ular, we consider a composite system of qubit(two-dimensional) subsystem, and qutrit,
(three-dimensional) subsystem. The degree of entanglement is quantified for different
cases, where it is assumed that the two-subsystems are simultaneously or non- simul-
taneously accelerated. The entanglement decays as the acceleration of any subsystem
increases.In general, the decay rate of entanglement increases as the dimensional of
the accelerated subsystem increases. These results could be important in building an
accelerated quantum network consists of different dimensions nodes.
Keyword: non-inertial frames, Entanglement, acceleration.
1 Introduction
It is well known that, quantum correlations are the most important physical quantities that
have many applications in the context of quantum information, communication and compu-
tations [1, 2, 3]. The behavior of entanglement between different systems has investigated for
small and high dimensions systems [4]. However, the properties of systems which are consists
of different dimensional subsystems have investigated in different ways. For example, the
behavior of entanglement for a two-parameter class of qubit-qutrit system passes through
dissipative channels has discussed by Wei et.al, [5]. Karat and Gedik [6] have discussed the
quantum and classical correlation of qubit-qutrit systems in the presence of classical dephas-
ing environment. The quantum correlation’s behavior of a qubit-qutrit system under the
effect of dephasing and bit flip channels has investigated by Guo et. al., [7]. Moreover, X.
Xiao [8] has investigated the possibility of protecting the quantum correlation of qubit-qutrit
system by using weak measurement and reversal.
Recently, the behavior of entanglement in non-inertial frames has investigated for dif-
ferent dimensional systems. For example, Alsing et. al., [14] have discussed the decay of
entanglement between two modes of a free Dirac field in a non-inertial frame. The correla-
tion between two modes of Dirac fields in non-inertial frames have investigated by Wang et.
al, [10]. The dynamics of a general two qubit system in non-inertial frame is investigated by
Metwally [11]. The possibility of using an accelerated class of X-state to perform quantum
coding is discussed in [12]. Moreover, teleportation in non-inertial frame is discussed by
several authors see for example ([13, 14, 15]).
However, for composite system which consists of different dimensions subsystems, there
are some limited efforts have been done to study the entangled properties of these systems
in non-inertial frames. The effect of global, collective, local and multilocal depolarizing noise
on qutrit-qutrit states is studied by S. Khan and M. Khan [16]. The measurement induced
disturbance for qubit-qutrit system in non-inertial frames under the effect of different noise
channel has investigated by Hao and Lian-Fu [17]. The importance of this problem appears
clearly in the the context of generating accelerated network. To clarify this task, assume
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that a source supplies randomly some users who located in different nodes with different
dimensional states to generated entangled network [18]. So, may any two nodes of the same
or different dimensions systems are connected. Then it is important to quantify the degree
of entanglement to find the optimal connection. Therefor, we are motivated to consider
a general class of qubit-qutrit system in non-inertial frame, where we assume that these
subsystems simultaneous and non-simultaneous accelerated.
This manuscript is organized as follows: In Sec. 2, we define the general form of the
suggested system. The final state of the system is obtained analytically when one or both
subsystems are accelerated simultaneously or non- simultaneously. In Sec. 3, the survival of
entanglement between the two subsystems is quantified by using the negativity as a measure
of entanglement. Finally, the results are summarized in Sec. 4.
2 System and its evolution
In this contribution, it is assumed that we have a composite system, consists of qubit (A) and
qutrit (B), is given in its general form. The evolution the final state of the qubit-qutrit (Qbt
) system is investigated for three different cases: (i) the subsystem (A) (qubit) is accelerated
while qutrit (B) is in a rest,(ii) the subsystem (B) (qutrit) is accelerated while the subsystem
(A) is in a rest, (iii) Both subsystems are accelerated. The general state of the qubit-qutrit
system is given by,
ρQbt =
1
6
{
I2 ⊗ I3 +
3∑
i=1
siσi ⊗ I3 +
8∑
i=1
tjτj ⊗ I3 +
3∑
i=1
8∑
j=1
cijσi ⊗ τj
}
, (1)
where I2 and I3 are the unit matrix of size 2 × 2 and 3 × 3 respectively, si = tr{ρQbtσi ⊗
I3}, tj = tr{ρQbtI2 ⊗ τj} are the Bloch vectors for the qubit and the qutrit respectively,
i = 1..3, j = 1..8. The operators σi and τj are the traceless hermitian generators of Su(2)
and Su(3) respectively. The elements cij = tr{ρQbtσi ⊗ τj}, represent the correlation matrix
between the qubit (A) and the qutrit (B). In the computational basis 0, 1 and 2, the
operators σi and τj can be written as,
σ1 = |0〉〈1|+ |1〉〈0|, σ2 = i|0〉〈1| − |1〉〈0|), σ3 = |1〉〈1| − |0〉〈0|,
τ1 = |0〉〈1|+ |1〉〈0|, τ2 = i(|1〉〈0| − |0〉〈1|), τ3 = |0〉〈0| − |1〉〈1|,
τ4 = |0〉〈2|+ |2〉〈0|, τ5 = i(|2〉〈0| − 〈0||2〉), τ6 = |1〉〈2|+ |2〉〈1|,
τ7 = i(|2〉〈1| − |1〉〈2|), τ8 = (|0〉〈0|+ |1〉〈1| − 2|2〉〈2|)/
√
3. (2)
In the computational basis, |00〉, |01〉, |02〉, |10〉, |11〉 and |12〉, the state (1) can be written
as,
̺00,ij = Aℓ1, ℓ1 = 1...6, ̺01,ij = Aℓ2, ℓ2 = 7...12,
̺02,ij = Aℓ3 ℓ3 = 13...18, ̺10,ij = Aℓ4, ℓ4 = 19...24,
̺11,ij = Aℓ51, ℓ5 = 25...30, ̺12,ij = Aℓ6, ℓ6 = 31...36, (3)
where ij = 00, 01, 02, 10, 11, 12 and Aℓ, ℓ = 1...36 are given in the appendix (A). For example,
the element ̺00,00 = A1, ̺00,01 = A2, ̺02,02 = A15 ̺12,12 = A36 and so on.
Now we investigate the evolution of the Qbt state (1) in non-inertial frame when one or
both of its subsystems are accelerated as following:
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1. Only the qubit is accelertaed
In this context, it is important to review the behavior of a particle in non-inertial
frames. It has been shown that, in the inertial frames, Minkowsik coordinates (t, z) are
used to describe Dirac field, while in the uniformly accelerated case, Rindler coordinates
(τ, x) are more adequate. The relations between the Minkowski and Rindler coordinates
are given by[13, 19],
τ = r tanh
(
t
z
)
, x =
√
t2 − z2, (4)
where −∞ < τ < ∞, −∞ < x < ∞ and r is the acceleration of the moving particle.
The relations (4) describe two regions in Rindler’s spaces: the first region I for |t| < x
and the second region II for x < −|t|.
A single mode k of fermions and anti-fermions in Minkowski space is described by the
annihilation operators akU and b−kU respectively. In terms of Rindler’s operators (
c
(I)
kR, d
(II)
−kL), the Minkowski operators can be written as [20, 21],
akU = cos rc
(I)
k,R − exp(−iφ) sin rd(II)−k,L,
b†−kU = exp(iφ) sin rc
(I)
k,R + cos rd
(II)
k,L , (5)
where, tan r = e−πω
c
a , 0 ≤ r ≤ π/4, a is the acceleration such that 0 ≤ a ≤ ∞, ω is
the frequency of the travelling qubits, c is the speed of light, and φ is an unimportant
phase that can be absorbed into the definition of the operators [22]. The operators (5)
mix a particle in region I and an anti particle in region II as,
|0k〉 = cos r|0k〉I |0−k〉II + sin r|1k〉I |1−k〉II ,
|1k〉 = a†k|0k〉 = |1k〉I |0k〉II . (6)
Now, by using the initial state of the qubit-qutrit system ρQbt (1) and the operators
(6), the final state in the first region I of the Rindler space can be written in the basis
00, 01, 02, 10, 11 and 12. The density operator is represented by a matrix of size 6× 6.
Its elements are given by,
ρ
(q)
00,00 = c
2
q̺00,00, ρ
(q)
00,01 = c
2
q̺00,01, ρ
(q)
00,02 = c
2
q̺00,02, ρ
(q)
00,10 = cq̺00,10,
ρ
(q)
00,11 = cq̺00,11, ρ
(q)
00,12 = cq̺00,12, ρ
(q)
01,00 = c
2
q̺01,00, ρ
(q)
01,01 = c
2
q̺01,01,
ρ
(q)
01,02 = c
2
q̺01,02, ρ
(q)
01,10 = cq̺01,10, ρ
(q)
01,11 = cq̺01,11, ρ
(q)
01,12 = cq̺01,12,
ρ
(q)
02,00 = c
2
q̺02,00, ρ
(q)
02,01 = c
2
q̺02,01, ρ
(q)
02,02 = c
2
q̺02,02, ρ
(q)
02,10 = cq̺02,10,
ρ
(q)
02,11 = cq̺02,11, ρ
(q)
02,12 = cq̺02,12, ρ
(q)
10,00 = cq̺10,00, ρ
(q)
10,01 = cq̺10,01,
ρ
(q)
10,02 = cq̺10,02, ρ
(q)
10,10 = s
2
q̺00,00 + ̺10,10, ρ
(q)
10,11 = s
2
q̺00,01 + ̺10,11,
ρ
(q)
10,12 = s
2
q̺00,02 + ̺10,12, ρ
(q)
11,00 = cq̺11,00, ρ
(q)
11,01 = cq̺11,01, ρ
(q)
11,02 = cq̺11,02,
ρ
(q)
11,10 = s
2
q̺01,00 + ̺11,10, ρ
(q)
11,11 = s
2
q̺01,01 + ̺11,11, ρ
(q)
11,12 = s
2
q̺01,02 + ̺11,12,
ρ
(q)
12,00 = cq̺12,00, ρ
(q)
12,01 = cq̺12,01, ρ
(q)
12,02 = cq̺12,02, ρ
(q)
12,10 = s
2
q̺02,00 + ̺12,10,
ρ
(q)
12,11 = s
2
q̺02,01 + ̺12,11, ρ
(q)
12,12 = s
2
q̺02,02 + ̺12,12, (7)
where cq = cos rq and sq = sinrq.
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2. Only the qutrit is accelerated
In this case, it is assumed that the qubit is in an inertial frame, while the qutrit un-
dergoes a constant acceleration. For the two level qubit system (spin 1/2) particles,
the Pauli-principle allows only two occupation numbers i.e.,”0” and ”1” [14]. How-
ever, the possibility of allowing the occupation number ”2” is discussed by Leo`n and
Mart`inez [23]. Under the single mode-approximation, Minlowaski vacuum state |0M〉
in the Rindler space reads as,
|0M〉 = cos2r|0〉I |0〉II + eiφ sin r cos r(|U〉I |D〉II+ |D〉I |U〉II)+ e2iφsin2r|D〉I |P〉II , (8)
where |U〉, |D〉 and |P〉 are the spin up, spin down and pair state respectively. The
spin up and down in Rindler space are given by,
|UM〉 = cosr|U〉I |0〉II + eiφ sin r|P〉I |U〉II ,
|DM〉 = cosr|D〉I |0〉II − eiφ sin r|P〉I |D〉II . (9)
By using the initial state (1) and the transformation (8,9) one can obtain the final
state of the accelerated system. After tracing out the mode in the second region II,
we obtain the final accelerated state in the first region I of the Rindler space. In the
basis, |ℓ, 0〉, |ℓ,D〉, |ℓ,U〉, |ℓ,P〉 (ℓ = 0, 1), the density operator is defined by a matrix
of size 8× 8, where its elements are given by,
ρ
(t)
00,00 = c
4
t̺00,00, ρ(t)00,0D = c
3
t̺00,01, ρ(t)00,0U = c
2
t̺00,02, ρ(t)00,0P = 0,
ρ(t)00,10 = c
4
t̺00,10, ρ
(t)
00,1D = c
3
t̺00,11, ρ
(t)
00,1U = c
2
t̺00,12, ρ00,1P = 0, ρ
(t)
0D,00 = c
4
t̺01,00,
ρ
(t)
0D,0D = c
2
t (s
2
t̺00,00 + ̺01,01), ρ
(t)
0D,0U = c
2
t̺01,02, ρ0D,0P = cts
2
t̺00,02,
ρ
(t)
0D,D0 = c
4
t̺01,10, ρ
(t)
0D,DD = c
2
t (s
2
t̺00,10 + ̺01,11), ρ
(t)
0D,1U = c
2
t̺01,12, ρ
(t)
0D,1P = cts
2
t̺00,12,
ρ
(t)
0U ,00 = c
3
t̺02,00, ρ
(t)
02U ,0D = c
3
t̺02,01, ρ
(t)
0U ,0U = c
2
t (s
2
t̺00,01 + ̺02,02), ρ
(t)
0U ,0P = −cts2t̺02,10,
ρ
(t)
0U ,10 = c
3
t̺02,10, ρ
(t)
0U ,1D = c
2
t̺02,11, ρ
(t)
0U ,1U = c
2
t (s
2
t̺02,10 + ̺02,12), ρ
(t)
0U ,1P = −cts2t̺00,11,
ρ
(t)
0P,00 = 0, ρ
(t)
0P,0D = cts
2
t̺02,00, ρ
(t)
0P,0U = −cts2t̺01,00, ρ(t)0P,0P = s2t (s2t̺00,00 + ̺01,02),
ρ
(t)
0P,10 = 0, ρ
(t)
0P,1D = cts
2
t̺02,10, ρ
(t)
0P,1U = −cts2t̺01,10, ρ(t)0P,1P = s4t̺00,10,
ρ
(t)
10,00 = c
4
t̺10,00, ρ
(t)
10,0D = c
3
t̺10,01, ρ
(t)
10,0U = c
2
t̺10,02, ρ
(t)
10,0p = 0
ρ
(t)
10,10 = c
4
t̺10,10, ρ
(t)
10,1D = c
3
t̺10,11, ρ
(t)
10,12U = c
2
t̺10,12, ρ
(t)
10,1P = 0,
ρ
(t)
1D,00 = c
3
t̺11,00, ρ
(t)
1D,0D = c
2
t̺11,01, ρ
(t)
1D,0U = c
2
t̺11,02, ρ
(t)
1D,0P = cts
2
t̺10,02,
ρ
(t)
1D,10 = c
3
t̺11,10, ρ
(t)
1D,1D = c
2
ts
2
t̺11,11, ρ
(t)
1D,1U = c
2
t̺11,12, ρ
(t)
1D,1P = c
2
t s
2
t̺10,12,
ρ
(t)
1U ,00 = c
2
t̺12,00, ρ
(t)
1U ,0D = c
2
t̺12,01, ρ
(t)
1U ,0U = c
2
t̺12,02, ρ
(t)
1U ,0P = −cts2t̺10,01,
ρ
(t)
1U ,10 = c
2
t̺12,10, ρ
(t)
1U ,1D = c
2
t̺12,11, ρ
(t)
1U ,1U = c
2
ts
2
t̺10,10, ρ
(t)
1U ,1P = −c2tst̺10,112,
ρ
(t)
1P,00 = 0, ρ
(t)
1P,0D = c
2
t s
2
t̺12,00, ρ
(t)
1P,0U = −cts2t̺11,00, ρ(t)1P,0P = s2t (̺11,01 + ̺12,02),
ρ
(t)
1P,10 = 0, ρ
(t)
1P,1D = c
2
t̺12,11, ρ
(t)
1P,1U = −cts2t̺11,10, ρ(t)1P,1P = s2t (̺11,12 + ̺12,12), (10)
where ct = cos rt and st = sin rt.
3. Both subsystems are accelerated:
In this case, we assume that both subsystems are accelerated. The final state of the
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system in the first region I of the Rindler space is defined by a matrix of size 8 × 8
elements. The elements of this matrix are given by,
ρ
(qt)
00,jk = B(qt)ℓ1 , ℓ1 = 1..3, jk = 00, 0D, 0U , ρ
(qt)
00,jk = Bℓ2 , ℓ2 = 4, 5, jk = 10, 1D,
ρ
(qt)
00,12 = ̺00,1P = 0, ρ
(qt)
01,jk = Bℓ3 , ℓ3 = B6...B13, jk = 00, 0D, 0U , 0P, 10, 1D, 1U , 1P,
ρ
(qt)
02,jk = Bℓ4 , ℓ4 = B14...B21, jk = 00, 0D, 0U , 0P, 10, 1D, 1U , 1P, ρ(qt)0P,00 = ρ0P,10 = 0,
̺
(qt)
0P,jk = Bℓ5 , ℓ5 = B22...B27, jk = 0D, 0U , 0P, 1D, 1U , 1P ρ(qt)10,0P = ρ(qt)10,1P = 0,
ρ
(qt)
10,jk = Bℓ6 , ℓ6 = B28...B33, jk = 00, 0D, 0U , 10, 1D, 1U , ρ11,00 = 0,
ρ
(qt)
1D,jk = Bℓ7 , ℓ7 = B34...B40, jk = 0D, 0U , 0P, 10, 1D, 1U , 1P,
ρ
(qt)
1U ,jk = Bℓ8 , ℓ8 = B41...B48, jk = 00, 0D, 0U , 10, 1D, 1U , 1P,
ρ
(qt)
1P,00 = ρ
(qt)
1P,0U = ρ
(qt)
1P,10 = 0, ρ
(qt)
1P,0D = B48, ρ(qt)1P,0P = B49,
ρ
(qt)
1P,jk = Bℓ9 , ℓ9 = 50...52, jk = 1D, 1U , 1P, (11)
where Bi are given in the appendix (B). For example ρ(qt)00,00 = B(qt)1 , ρ(qt)10,0D = B(qt)29 ,
ρ
(qt)
1P,1P = B(qt)52 and so on.
3 Dynamics of Entanglement
To quantify the degree of entanglement E which is contained in the accelerated system, we
use the negativity as a measure. For any composite system ρab consists of two subsystems
with different dimensions. In our case, the system a represents the qubit (2-dimensions) and
b refers to the qutrit (3-dimensions). The negativity for this system is defined as,
E = max
(
0,
∑
i
λi
)
, (12)
where λi, i = 1..6 are the eigenvalues of the partial transpose of ρ
Ta
ab [24].
3.1 Example one
To investigate the effect of the accelerated particles on the degree of entanglement, we
consider a system of qubit-qutrit is defined by,
→
s = (0, 0, s3),
→
t = (0, 0, t3, 0, 0, 0, 0, 0),
and the non zero elements of the correlation matrix is,
c11 = 1, c22 = −1, c33 = 1. (13)
By using (7), we obtain the final state of the qubit-qutrit system in the first region, I of the
Rindler space when only the qubit is accelerated. This state is described by 6×6 elements in
the computational basis 00, 01, 02, 10, 11 and 12. The non- zero elements of this accelerated
state in region I are given by,
ρ
(q)
00,00 = c
2
q̺00,00, ρ
(q)
00,11 = cq̺00,11, ρ
(q)
01,01 = c
2
q̺01,01, ρ
(q)
01,10 = cq̺01,10
ρ
(q)
02,02 = c
2
q̺02,02, ρ
(q)
10,01 = c̺00,01, ρ
(q)
10,10 = ̺10,10 + s
2
q̺00,00,
ρ
(q)
11,00 = cq̺11,00, ρ
(q)
11,11 = ̺11,11 + s
2
q̺01,01, ρ
(q)
12,12 = ̺12,12 + s
2
q̺01,02. (14)
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Figure 1: The degree of entanglement E , where we assume that rq = rt = r and (a) s3 = 1,
t3 = 1, and (b)s3 = t3 = 0. The solid and the dot lines shows the behavior of entanglement
when only the qubit and only the qutrit are accelerated respectively.
Similarly, If only the qutrit is accelerated, then the non zero elements of the final state
of the accelerated system in the first region of Rindler space can be written in the basis
|ℓ, 0〉, |ℓ,D〉, |ℓ,U〉, |ℓ,P〉, ( ℓ = 0, 1) as,
ρ
(t)
00,00 = c
4
t̺00,00, ρ
(t)
00,1D = c
3
t̺00,11, ρ
(t)
0D,0D = c
2
t̺01,01 + c
2
t s
2
t , ρ
(t)
0D,10 = c
3
t̺01,10,
ρ
(t)
0P,0P = s
4
t̺00,00 + s
2
t (̺01,01 + ̺02,02), ρ
(t)
0Pp,1U = −cts2t̺01,10, ρ(t)02,1p = −c2t s2t̺00,11,
ρ
(t)
0U ,0U = c
2
ts
2
t̺00,00 + c
2
t̺02,02, ρ
(t)
10,0D = c
3
t̺10,01, ρ
(t)
10,10 = c
4
t̺10,10,
ρ
(t)
1D,00 = c
2
t̺11,00, ρ
(t)
1D,1D = c
2
t̺11,11 + c
2
ts̺10,10, ρ
(t)
1U ,1U = c
2
t̺12,12 + c
2
t s
2
t̺10,10,
ρ
(t)
1U ,0P = −cts2t̺10,01, ρ(t)1P,0U = −cts2t̺11,00, ρ(t)1P,1P = s4t̺10,10 + s2t (̺11,11 + ̺12,12).
(15)
Finally, let us assume that both particles are accelerated. In this case, the elements of the
final state in the first region I1 are given by,
ρ
(qt)
00,00 = c
4
t c
2
q̺00,00, ρ
(qt)
0D,0D = c
2
qc
2
t (̺01,01 + s
2
t ), ρ
(qt)
10,01 = cqc
3
t (̺10,01 + ̺02,01),
ρ
(qt)
0U ,0U = c
2
qc
2
t (̺02,02 + ̺00,00s
2
t ), ρ
(qt)
1P,0U = −cqcts2t̺11,00,
ρ
(qt)
0P,0P = c
2
qs
2
t (s
2
q̺00,00 + ̺01,01 + ̺02,02), ρ
(qt)
1U ,0P = −cqcts2t̺10,01, ρ01,10 = cqc3t̺01,10,
ρ
(qt)
10,10 = c
4
t (s
2
q̺00,00 + c
4
t̺10,10), ρ
(qt)
00,1D = cqc
3
t̺00,11,
ρ
(qt)
1D,1D = s
2
qc
2
t (s
2
q + ̺01,01) + c
2
t (̺11,11 + s
2
t̺10,10), ρ
(qt)
0P,1U = −cqcts2t̺01,10,
ρ
(qt)
1U ,1U = s
2
qc
2
t (̺02,02 + s
2
t̺00,00) + c
2
t (̺12,12 + s
2
t̺10,10), ρ
(qt)
0U ,1P = −cqcts2t̺00,11,
ρ
(qt)
1P,1P = s
2
qs
2
t (̺00,00s
2 + ̺01,01 + ̺02,02) + s
2
t (s
2
t̺10,10 + ̺11,11 + ̺11,01), (16)
where the suffix ”q”, ”t” and ”qt” refer to the accelerated qubit, qutrit and qubit-qutrit,
respectively.
The behavior of entanglement, E is described in Fig.(1a), where we assume that both
subsystems are initially polarized on the third direction, namely we set s3 = t3 = 1. It
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is clear that, the entanglement decreases as the acceleration of the accelerated subsystems
increase. The decay rate of entanglement depends on the accelerated system. However,
if the smaller dimensional system is accelerated, then the decay rate of entanglement is
smaller than the decay which is caused by accelerating the larger dimensional system. These
results are clearly seen by comparing the behavior of endamagement when only the qubit is
accelerated (solid-curve)and its behavior when only the qutrit is accelerated (dash-curve).
Moreover, the decay rate of entanglement is larger if both subsystems are accelerated.
In Fig.(1b), we consider another system , where we set s2 = t3 = 0. The general
behavior is similar to that shown in Fig.(1a), namely, the entanglement decreases as the
accelerations of the subsystem increase. However, the decay rate of entanglement is larger
than that depicted in Fig.(1a). This shows that, the entanglement of the initial system plays
an essential roles on the degree of entanglement of the accelerated systems.
3.2 One-Parameter Family
This class of qubit-qutrit system is known by one parameter family. The density operator
of this system is given by,
ρ
(1)
qt = |0〉q〈0|
{p
2
(|0〉t〈0|+ |1〉t〈1|) +
1− 2p
2
|2〉t〈2|
}
+ |1〉q〈0|
{p
2
|2〉t〈0|
}
+ |0〉q〈1|
{p
2
|0〉t〈2|+
1− 2p
2
|2〉t〈0|
}
+ |1〉q〈1|
{p
2
|1〉t〈1|+
1− 2p
2
|0〉t〈0|
}
, (17)
where 0 ≤ p ≤ 1
2
and the subscript ”q” refers to the qubit while ”t” refers to the qutrit. If
we assume that, only the qubit is accelerated, then the density operator of the final state in
the first region (I) is defined by the following non-zero elements, of a matrix of size 2× 3,
ρ
(1q)
00,00 =
p
2
c2q, ρ
(1q)
00,12 =
p
2
cq, ρ
(1q)
01,01 =
p
2
c2q , ρ
(1q)
00,12 = ρ12,00,
ρ
(1q)
02,02 =
1− 2p
2
c2q, ρ
(1q)
10,02 =
1− 2p
2
cq, ρ
(1q)
10,10 =
(
1− 2p
2
+
p
2
s2q
)
,
ρ
(1q)
02,10 = ρ10,02, ρ
(1q)
11,11 =
p
2
(1 + s2q), ρ
(1q)
12,12 =
(
1− 2p
2
s2q +
p
2
)
. (18)
On the other hand, if only the qutrit is accelerated, then the final state of the total system
in the first region is defined by a matrix of size 8× 8. The non-zero elements are given by,
ρ
(1t)
00,00 =
p
2
c4t , ρ
(1t)
12,00 =
p
2
c3t , ρ
(1t)
0D,0D =
p
2
c2t (1 + s
2
t ), ρ
(1t)
1P,0D =
p
2
cts
2
t ,
ρ
(1t)
0U ,0U = c
2
t
(
1− 2p
2
+
p
2
s2t
)
, ρ
(1t)
10,02 =
1− 2p
2
c3t , ρ
(1t)
0P,0P = s
2
t
(
p
2
(1 + s2t ) +
1− 2p
2
)
,
ρ
(1t)
1D,0P =
1− 2p
2
cts
2
t , ρ
(1t)
10,10 =
1− 2p
2
c4t , ρ
(1t)
0U ,10 = ρ
(1t)
10,0U , ρ
(1t)
1D,1D =
1− 2p
2
c2ts
2
t ,
ρ
(1t)
0P,1D =
1− 2p
2
cts
2
t , ρ
(1t)
00,1U = ρ
(1t)
12,00, ρ
(1t)
1U ,1U = c
2
t
(
p
2
+
1− 2p
p
s2t
)
,
ρ
(1t)
0D,1P =
p
2
cts
2
t , ρ
(1t)
1P,1P = s
2
t
(
p +
1− 2p
2
s2t
)
. (19)
7
0.0 0.2 0.4 0.6 0.8
0.0
0.1
0.2
0.3
0.4
0.5
r
E
Figure 2: The entanglement of one parameter family evaluated at p = 0.5, rq = rt = r.
The solid, dash and dot curves represent the entanglement E , when only the qubit , only the
qutrit, and both of them are accelerated.
Finally, if both subsystems are accelerated, then the final state in the first region, I is defined
by the following non-zero elements of a matrix of 8× 8,
ρ
(1qt)
00,00 = c
2
qρ
(1t)
00,00, ρ
(1qt)
1D,00 =
p
2
cqc
3
t , ρ
(1qt)
0D,0D = c
2
qρ
(1t)
0D,0D, ρ
(1qt)
1P,0D = cqρ
(1t)
1P,0D,
ρ
(1qt)
0U ,0U = c
2
qρ
(1t)
0U ,0U , ρ
(1qt)
10,0U = cqρ
(1t)
10,0U , ρ
(1qt)
0P,0P = c
2
qρ
(1t)
0P,0P , ρ
(1qt)
1D,0P = cqρ
(1t)
1D,0P ,
ρ
(1qt)
10,10 = ρ
(1t)
10,10 +
p
2
c4ts
2
q , ρ
(1qt)
0D,10 = cqρ
(1t)
10,0U , ρ
(1qt)
1D,1D = ρ
(1t)
1D,1D + c
2
t
p
2
(
1 + s2q + s
2
qs
2
t
)
,
ρ
(1qt)
0P,1D = cqρ
(1t)
0P,1D, ρ
(1qt)
1U ,1U = ρ
(1t)
1U ,1U + c
2
t
(
p
2
(1 + s2ts
2
q) +
1− 2p
2
s2q
)
, ρ
(1qt)
00,1U = cqρ
(1t)
00,1U ,
ρ
(1qt)
1P,1P = ρ
(1t)
1P,1P + s
2
qs
2
t
(
p
2
s2t +
1− p
2
)
, ρ
(1qt)
01,1P = cqρ
(1t)
0D,1P . (20)
The behavior of entanglement for this case is shown in Fig.(2), where we initially start with a
system defined by p = 0.5. The general behavior is similar to that shown in Fig.(1), namely
the entanglement decays as the the acceleration of the accelerated subsystem increases. The
upper and lower bounds of entanglement depend on the accelerated subsystem and the
initial degree of entanglement. However, if the qubit is allowed to be accelerated, then the
upper bounds of entanglement are always larger than that shown if one allows the qutrit to be
accelerated. The decay rate of entanglement increases if both particles are accelerated, where
we considered both particles are accelerated with the same acceleration (i.e., rq = rt = r).
3.3 Two-Parameters family
In this subsection we consider the second example which is known by a two-parameter family.
In the computational basis, this class can be written as,
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ρ
(2)
qt = |0〉q〈0|
{
β|0〉t〈0|+
β + γ
2
|1〉t〈1|+ α|2〉t〈2|
}
+ |1〉q〈0|
{β − γ
2
|0〉t〈1|
}
+|0〉q〈1|
{β − γ
2
|1〉t〈0|
}
+ |1〉q〈1|
{β + γ
2
|0〉t〈0|+ β|1〉〈1|+ α|2〉t〈2|
}
, (21)
where γ + 2α + 3β = 1 and the suffix 2 refers to the two-parameter. If it assumed that
only the qubit is accelerated, then the final state in the first region, I of the Rindler space
is described by the following non-zero-elements of a matrix of size 6× 6,
ρ
(2q)
00,00 = βc
2
q, ρ
(2q)
01,01 =
β + γ
2
c2q, ρ
(2q)
10,01 =
β − γ
2
cq,
ρ
(2q)
02,02 = αc
2
q, ρ
(2q)
01,10 =
β − γ
2
cq, ρ10,10 = βs
2
q,
ρ
(2q)
11,11 =
(
β +
β + γ
2
s2q
)
, ρ
(2q)
12,12 = α(1 + s
2
q). (22)
On the other hand, if we consider only the qutrit is accelerated then, the final state in the
first Rindler region is defined by the following non-zero elements,
ρ
(2t)
00,00 = βc
4
t , ρ
(2t)
01,0D = c
2
t
(
βs2t +
β + γ
2
)
, ρ
(2t)
10,0D =
β − γ
2
c3t ,
ρ
(2t)
0U ,0U = c
2
t (α+ βs
2
t ), ρ
(2t)
0P,0P = s
2
t (
(
α +
3β + γ
2
s2t
)
, ρ
(2t)
1U ,0P = −
β − γ
2
cts
2
t ,
ρ
(2t)
0D,10 =
β − γ
2
c3t , ρ
(2t)
10,10 =
β + γ
2
c4t , ρ
(2t)
1D,1D = c
2
t
(
β +
β + γ
2
s2t
)
, ρ
(2t)
0P,1U = ρ
(2t)
1U ,0P
ρ
(2t)
1U ,1U = c
2
t
(
α+
β + γ
2
s2t
)
, ρ
(2t)
1P,1P = s
2
t
(
α+
3β + γ
2
s2t
)
. (23)
Finally, when both subsystems are accelerated, then the final state in the first region, I is
defined by a matrix of size 8× 8 elements. These elements can be written by (22) as,
ρ
(2qt)
00,00 = c
2
qρ
(2t)
00,00, ρ
(2qt)
0D,0D = c
2
qρ
(2t)
0D,0D, ρ
(2qt)
10,0D = cqρ
(2t)
10,0D, ρ
(2qt)
0U ,0U = c
2
qρ
(2t)
0U ,0U
ρ
(2qt)
0P,0P = c
2
qρ
(2t)
0P,0P , ρ
(2qt)
1U ,0P = cqρ
(2t)
1U ,0P , ρ
(2qt)
0D10 = cqρ
(2t)
0D,10, ρ
(2qt)
10,10 = s
2
qρ
(2t)
10,10,
ρ
(2qt)
1D,1D = ρ
(2t)
11,11 + s
2
qρ
(2t)
0D,0D, ρ
(2qt)
0P,1U = ρ
(2qt)
1U ,0P , ρ
(2qt)
1U ,1U = ρ
(2t)
1U ,1U + s
2
qρ
(2t)
0U ,0U ,
ρ
(2qt)
1p,1p = ρ
(2t)
1P,1P + s
2
qρ
(2t)
0P,0P , (24)
The behavior of entanglement for this class is described in Fig.(3), where all the three
possibilities are considered. It is assumed that, the system is initially prepared in maximum
entangled state α = β = 0.5. Therefore the entanglement is maximum i.e., E = 1 at rq = rt =
0. It is clear that, the behavior of entanglement is similar to that predicated for one parameter
family. However, the entanglement decays as the acceleration of any subsystem increases,
where we consider that, both of the subsystems have the same acceleration (rq = rt). The rate
of entanglement decay increases as the dimensions of the accelerated subsystems increase.
Moreover, if both subsystems are accelerated, then the entanglement decreases faster.
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Figure 3: The dynamics of entanglement in the first region for qubit-qutrit system of two-
parameter family with α = β = 0.5. The solid, dash and dot-curves represent E , when only
the qubit, qutrit and both qubit and qutrit are accelerated.
4 Conclusion
In this contribution, we consider a general system composite of two different dimensions. One
of them is a two-dimensional qubit and the other is of three dimensional qutrit. It is assumed
that, one or both subsystems are accelerated simultaneously or non- simultaneously. The
density operator of the final state in the first region of the accelerated is obtained analytical in
a general form. Different examples are introduced to show the main task of this manuscript.
Our results show that, the entanglement decays as the acceleration of the accelerated
particle increases. However, the decay rate depends on the dimensions of the accelerated
subsystem. If only the qubit is accelerated, then the entanglement decays gradually to reach
its non-zero values at infinity. On the other hand, if we allow only the qutrit to be accelerated,
then the entanglement decays faster and its upper bounds always smaller than that depicted
for accelerating qubit. Moreover, if one allows for both subsystems to be accelerated, then
the decay rate of entanglement is larger.
The idea is shown explicitly by considering three different and common examples. In the
first example, we assume that both subsystems are polarized in z−axis. It is clear that, the
decay of entanglement depends on the initial correlation between the two subsystems. The
second and third examples are known by one and two-parameters families. These examples
have been investigated widely in the context of quantum information. It is shown that the
decay rate of entanglement depends on the initial degree of entanglement in addition to the
dimensions of the accelerated subsystem.
In conclusion: the decay of entanglement depends on the dimensions of the accelerated
subsystems, where the decay rate of entanglement increases when the larger dimensional
subsystem is accelerated. The robustness of the accelerated system depends on the initial
quantum correlation between the two subsystems. We expect that these results could be
important in building an accelerated quantum network consists of different dimensions nodes.
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Appendices
A The elements of the initial state
The elements of the initial system (1) in the basis |00〉, |01〉, |02〉, |10〉, |11〉 and |12〉 are given
by.
A1 = (1 + s3 + t3 − c33 + t8/
√
3− c38/
√
3)/6, A2 = (t1 − it2 − c31 + ic32)/6,
A3 = (t4 − it5 − c34 + ic35)/6, A4 = (s1 + is2 + c13 + ic23 + c18/
√
3 + ic28/
√
3)/6,
A5 = (c11 − c22 + ic21 − ic12)/6, A6 = (c14 + c25 + ic24 − ic15)/6,
A7 = (t1 + it2 − c31 − ic32)/6, A8 = (1− s3 − t3 + t8/
√
3 + c33 − c38/
√
3)/6,
A9 = (t6 − it7 − c36 + ic37)/6, A10 = (c11 − c22 + ic12 − ic21)/6,
A11 = (s1 + is2 − c13 +−ic23 + c18/
√
3 + ic28/
√
3)/6, A12 = (c16 + c27 + ic26 − ic17)/6,
A13 = (t4 + it5 − c34 − ic35)/6, A14 = (t6 + it7 − c36 − ic37)/6,
A15 = (1− s3 − 2t8/
√
3 + 2c38/
√
3)/6, A16 = (c14 − c25 + ic15 + ic24)/6,
A17 = (c16 − c27 + ic17 + ic26)/6, A18 = (s1 + is2 − 2c28/
√
3− 2c18/
√
3)/6,
A19 = (s1 + is2 + c13 − ic23 + c18/
√
3− ic28/
√
3)/6, A20 = (c11 − c22 − ic12 − ic21)/6,
A21 = (c14 − c25 − ic15 − ic24)/6, A22 = (1 + s3 + t3 + t8/
√
3 + c33 + c38/
√
3)/6,
A23 = (t1 − it2 + c31 − ic32)/6, A24 = (t4 − it5 + c34 − ic35)/6,
A25 = (c11 + c22 + ic12 − ic21)/6, A26 = (s1 − is2 − c13 + ic23 + c18/
√
3− ic28/
√
3)/6,
A27 = (c16 − c27 − ic17 − ic26)/6, A28 = −(t1 + it2 + c31 + ic32)/6,
A29 = (1 + s3 − t3 + t8/
√
3− c33 + c38/
√
3)/6, A30 = (t6 − it7 + c36 − ic37)/6,
A31 = (c14 + c25 + ic15 + ic24)/6, A32 = (c16 + c27 + ic17 − ic26)/6,
A33 = (s1 − is2 + 2ic28/
√
3− 2c18/
√
3)/6, A34 = (t6 + it7 + c36 + ic37)/6,
A35 = (t4 + it5 + c34 + ic35)/6, A36 = (1 + s3 − 2t8/
√
3− 2c38/
√
3)/6. (25)
B Both subsystems are accelerated
The parameters Bi, i, 1..52 which are appeared in Eq.(11) are give explicitly as,
B1 = c2qc4tA1, B2 = c2qA2, B3 = c2qA3 + cqA6, B4 = cqc4tA4, B5 = cqc3tA5,
B6 = c2qc3tA6, B7 = c2qc2t (A8 + s2tA1), B8 = cqc2tA9, B9 = c2qcts2tA3, B10 = cqc3tA10
B11 = cqc2t (A11 + s2tA4), B12 = cqc2tA12, B13 = cqs2tA6, B14 = c2qc3tA13, B15 = c2qc2tA14
B16 = cqc2t (A15 + s2tA1), B17 = −c2qcts2tA2, B18 = cqc3tA16, B19 = cqc2tA19,
B20 = cq(A18 + c2t s2tA4), B21 = −cqc2ts2tA5, B22 = c2qcts2tA13, B23 = −c2qcts2tA7,
B24 = c2q(s2qA15 + s2tA8 + s4tA1), B25 = cqcts2tA16, B26 = −cqcts2tA10,
B27 = cq(s4tA1 + s2tA18 + s2tA11), B28 = cqc3t (ctA19 +A25), B29 = cqc3tA20, B30 = cqc3tA21
B31 = c4t (s2qA1 +A22), B32 = c3t (s2qA2 +A23), B33 = c3t (s2qA3 +A24),
B34 = cqc2t (s2qA19 +A26), B35 = cqc2tA27, B36 = cqcts2tA21, B37 = c3t (s2qA7 +A28),
B38 = c2qs2tA22 + c2tA29 + s2qc2tA8 + s2qc2t s2tA1. B39 = c2t (s2qA9 +A30), B40 = cts2t (s2qA3 +A24),
B41 = cqc3tA31, B42 = cqc2tA32, B43 = cqc2t (s2tA19 +A33), B44 = −cqcts2tA20,
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B45 = c3t (s2q⊣13 +A34), B46 = ct(ctA35 + s2tA14), B47 = c2s2A22 + c2A36 + s2qc2tA15 + s2qc2ts2tA1
B48 = cqcts2q(A31 −A25), B49 = cqs2t (s2A19 + s2qA26 +A33), B50 = cts2t (s2qA13 +A34),
B51 = −cts2t (s2qA7 +A28), B52 = s2A29 + s2qs2t (A8 +A15) + s2qs4tA1 + s3tA22 + s2A36. (26)
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